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Introduction {#sec0005}
============

From ancient times, man has taken refuge in natural remedies to find a cure for their diseases. The plants used for this purpose are known as medicinal plants, as they contain chemical compounds that have biological properties which are beneficial to health. These properties include, antimicrobial activity attributed to phenolic compounds and essential oils present in different parts of the plant.[@bib0005] *Hamelia patens* belongs to the family of the Rubiaceae,[@bib0010] and is traditionally used to treat skin conditions and the antimicrobial and antioxidant activity of its phenolic compounds have been studied.[@bib0015] Ríos and Aguilar[@bib0020] reported that *H*. *patens* is a plant used in traditional Mexican medicine which are associated antimicrobial, analgesic and anti-inflammatory effects. Although some authors,[@bib0025], [@bib0030] have reported therapeutic properties such as antidarrheal, intestinal antispasmodic, anemia wound, healing, and antidiabetic for *H*. *patens*, in the Huasteca Potosina region in Mexico, it is a common practice to use it to wash wounds, so it is of interest to know if it also has antimicrobial activity. Prieto et al.[@bib0035] obtained extracts of plants belonging to this family, using the maceration method with two types of solvents; ethyl ether and petroleum ether, it was reported that the former had better antibacterial antifungal activity. Furthermore, Piña et al.[@bib0040] reported that the rumberina and palmirina, which are secondary metabolites isolated from leaves of *H. patens*, showed inhibitory activity on *Leishmania mexicana* promastigotes. Although, most studies on the antibacterial activity of this plant have been made from the extracts obtained with organic solvents, the aqueous extracts have also shown some bactericidal activity.[@bib0045]

Most studies on the antimicrobial activity of *H. patens* have focused more on the effect of solvent used, and less on the method used to obtain the extracts. A knowledge of whether the approach or method used to obtain the extracts can affect the content and biological activity of chemical compounds, such as polyphenols, leading to the possibility of more efficient resources laboratory where it works best with plant extracts, will enable one to choose which to allow, that will bring about better extraction of the active compounds in the medicinal plants. The Minimum Bactericidal Concentration (MBC) is defined as the minimum concentration of antimicrobial which eliminates more than 99.9% of microorganisms viable after a set incubation time,[@bib0050] so it is a reliable parameter for evaluating the antimicrobial properties of a substance. Therefore, this paper aims to characterize the phenolic content and study the antimicrobial activity of leaf extracts of *H. patens*, obtained by three different extraction techniques, Maceration (ME), Soxhlet (SE) and Percolation (PE).

Material and methods {#sec0010}
====================

Sample preparation {#sec0015}
------------------

Scientific name voucher: *Hamelia patens* Jacq. HPHP-SP-102; leaves of this specimen were collected from different household backyards located in the Huasteca, northeast of Mexico. Latitude: 99°01′ W; longitude: 21°59′ N; meters above sea level: 74. The plant was identified by the taxonomist responsible and curator for the "Isidro Palacios" Herbarium of the Autonomous University of San Luis Potosí, and was deposited in this. Those leaves which do not have physical damage were selected. Selected leaves were then blanched in order to inactivate the polyphenol oxidase enzyme of the leaves in order to confirm that the guayacol test inactivation was performed.[@bib0055] Blanched leaves *H*. *patens* were dried in a conventional oven (Linderberg/Blue, USA) at 55 °C for 48 h. The moisture content was also determined according to the methodology of the AOAC.[@bib0060]

Obtaining extracts {#sec0020}
------------------

Extracts were obtained by the methods of Maceration, Soxhlet and Percolation, as described below: *Classical method of Maceration*; 20 g of dried leaves of *H*. *patens* were placed in a flask and 200 mL of 70% ethanol was added. The solution was then stirred for 24 h. *Soxhlet method*; 20 g of dried powdered leaves were placed in 200 mL of 70% ethanol. Soxhlet equipment (Barnstead/Lab-line Multi Heater Unit Extraction) was used to analyze the solution at a temperature of 60 °C for 4 h continuously. *Percolation method*. 20 g of leaves of *H*. *patens* powder were placed in a percolation system and 1 L of 70% ethanol was passed through the sample. The extracts obtained by the three methods were filtered using filter paper 125 mm, No. 3 (Whatman brand) and concentrated under reduced pressure in a rotary evaporator (brand BUGI) pressure to remove the solvent. The extracts were resuspended in distilled water and sterilized by membrane filtration with pore 45 μm (Whatman brand) and stored at 4 °C until use. From the stock solutions of each extract, other concentrations to be determined by MBC and measure their antimicrobial activity were prepared.

Characterization of phenolic compounds {#sec0025}
--------------------------------------

*H*. *patens* extracts were analyzed using a system of high resolution liquid chromatography coupled with mass spectrometry (HPLC-ESI-MS). The HPLC consisted of an autosampler (Varian ProStar 410, USA), a ternary pump (Varian ProStar 230I, USA) and a PDA detector (Varian ProStar 330, USA) set at 280 nm. For mass spectrometric analysis, mass spectrometer ion trap (Varian 500-MS) equipped with an electrospray ion source was used. The column used (C18 5 μm, 150 mm × 2.0 mm) was maintained at 30 °C while the mobile phase was acetic acid 3% (A) and acetonitrile (B). The flow used was 0.3 mL/min with an injection volume of 5 μL sample. The B gradient elution were: initial 3%; 9% 5 min; 15 min 16%; 45 min 50%. Thereafter, the column was washed and reconditioned. All effluent (0.3 mL/min) was injected directly into the source of the mass spectrometer, without division. All experiments were carried out in negative mode \[M−H\]^−1^. Nitrogen was used as nebulizer gas and helium as a buffer gas. The parameters of the ion source were: voltage (3.5 kV), capillary voltage (90.0 V) and temperature (350 °C). Data were collected and processed using the MS Workstation software (V 6.9).

Some standard of phenolic compounds were used during chromatography such as pyrogallol, gallic acid, resorcinol, chlorogenic acid, methyl gallate, coumaric acid, catechin, (−)-epicatechin, procyanidins (B1, B2 and C1), 2-hidroxycinamic acid, ellagic acid, quercetin and cinnamic acid, all were purchased from Sigma Aldrich.

Antimicrobial activity {#sec0030}
----------------------

To study the antibacterial activity of the three extracts, MBC and its inhibitory effect on *S. aureus* ATCC 35556, *E. coli* ATCC 25922, *S. typhi* ATCC 14028 and *S. paratyphi* ATCC 9150 were determined. The microorganisms used in this study were provided by the Ciudad Valles Sanitary Jurisdiction. From the revitalized strains, the inoculum was prepared as described by Cockerill et al.[@bib0065] The percentage of activity of each extract and the rate of bacterial susceptibility were also calculated.

Minimum Bactericidal Concentration (MBC) {#sec0035}
----------------------------------------

MBC was used to determine the effect of ethanolic extracts of *H. patens* on different bacterial species. It was performed according to the methodology described by Chiong et al.[@bib0070] Series of 10 tubes with 2 mL of nutrient broth were prepared; the first of each series contained a double concentration of broth nutrient and other single concentration. From a stock solution, 60 mg/mL of each extract was added to the first tube of each series then, 2 mL transferred to the next tube, and so on to give concentrations of 30, 15, 7.5, 3.75, 1.85 and 0.9 mg/mL of each extract. Each tube was inoculated with 100 μL (1 × 10^8^ CFU) of the bacterial suspension and were incubated at 35 °C for 24 h. Two concentrations used as controls were also conducted using distilled water as negative control and Moxifloxacin, a broad-spectrum antibiotic, as positive control. After the incubation period, a roast of the last tube of the series did not show turbidity and inoculation in appropriate media culture was taken: Baird Parker for *Staphylococcus aureus*, McConkey agar for *Escherichia coli* and Salmonella-Shigella agar for *Salmonella typhi* and *S. paratyphi.* The media were incubated for 24 h at 37 °C. All tests were performed in triplicate. The technique used allows to know the minimum inhibitory concentration of the extract, which corresponds to the dilution in which turbidity is no longer observed, however, when inoculating this dilution in specific media without extract, the microorganisms can not develop, indicates that they have dead, so that the tube with the lowest bactericidal concentration -- the maximum dilution in the technique --, will correspond to the MBC.

Inhibitory effect {#sec0040}
-----------------

The inhibitory effect of each extract was measured from the zones of inhibition observed when using the disk diffusion technique 100 μL (1 × 10^8^ CFU) of bacteria was inoculated with the agar surface Muller Hinton. Thereafter, six filter paper discs (brand Whatman) of 6.0 mm in diameter were placed and sprayed with 10 μL of each of the extracts at different concentrations and with the substances used as control. All tests were performed in triplicate.

Percentage of activity {#sec0045}
----------------------

The percentage of activity of each extract (Eq. [(1)](#eq0005){ref-type="disp-formula"}) indicates the total antimicrobial potency of the extract in particular.[@bib0075]$$\%\text{ \,\,}\text{Activity} = \frac{(100 \times \text{Num})(\text{Total\ number\ of\ strains\ tested})}{\text{Number\ of\ susceptible\ bacterial\ strains\ extract}}$$

Index bacterial susceptibility (IBS) {#sec0050}
------------------------------------

The IBS (Eq. [(2)](#eq0010){ref-type="disp-formula"}) shows the number of microorganisms susceptible to extract, assessing ranges from 0 (resistance extract all samples) to 100 (susceptible to whole extract).[@bib0075]

$$\text{IBS} = \frac{100 \times \text{Number\ of\ effective\ extracts\ for\ each\ bacterial\ strain}}{\text{Number\ of\ strains}}$$

Results {#sec0055}
=======

[Fig. 1](#fig0005){ref-type="fig"} shows the chromatogram of the compounds identified in each extract. Twelve different compounds in extracts of *H*. *patens* were identified. The compounds present depended on the type of extraction method used. Compounds identified as 2 and 3 ([Fig. 1](#fig0005){ref-type="fig"}) were only present in the extracts obtained by maceration. While the compound identified as 5 was absent in the extract obtained by Soxhlet. Compounds 2, 3 and 5 were identified as hydroxycinnamic acid, catechin, and procyanidin B2 ([Table 1](#tbl0005){ref-type="table"}). The main controlling compound in the extracts obtained by the three extraction techniques was compound No. 4 ([Fig. 1](#fig0005){ref-type="fig"}) identified as chlorogenic acid ([Table 1](#tbl0005){ref-type="table"}). The phenolic compound present in the different concentrations of the three extracts was epicatechin (6) ([Table 1](#tbl0005){ref-type="table"}).Fig. 1HPLC chromatogram of extracts of leaves *Hamelia patens* obtained by percolation (A), Soxhlet (B) and maceration (C).Table 1Characterization of compounds found in extracts of leaves of *H. patens*.Table 1PeakTime of retention (min)\[M−H\]^−1^Molecular weightTentative identification11.6191192Quinic acid26.1353354Hydroxycinnamic acid310.7289290Catechin414353354Caffeoylquinic acid515.9577578Procyanidin B2618.6289290(−)-Epicatechin725.3451452(+)-Catechin 3-O-glucose826.9609610Quercetin 3-O-rutinoside928593594Kaempferol 3-O-rutinoside1028.9497498No identification1131.64514523-Hydroxyphloretin 2′-O-Glucosid1233.8573574No identification

The MBC is the lowest concentration of an antimicrobial for inhibiting the growth of a microorganism agent, and is considered an essential parameter to check the sensitivity of a bacteria to an antibacterial.[@bib0080] A higher MBC value for a specific microorganism indicates a lower antimicrobial agent employed capacity. For this reason, it is one of the most reliable techniques to determine the antimicrobial properties of a substance. [Table 2](#tbl0010){ref-type="table"} shows the MBC *H. patens* extracts obtained by the three extraction techniques against four pathogenic bacteria. By setting the MBC for *H*. *patens* extracts obtained by different extraction methods, it found out their potential as a antimicrobial agent for pathogenic bacteria studied. Extracts of maceration and Soxhlet CBI presented the largest percentage relative to the positive control (Moxifloxacin). Moreover, the extract obtained by percolation showed MBC values very similar to those obtained by the positive control reflecting its greater potential as an antimicrobial agent for the bacteria studied.Table 2Minimum Bactericidal Concentration (MBC) of the three extracts of *H*. *patens* obtained by different techniques against pathogenic bacteria studied.Table 2BacteriaExtraction methodsMacerationSoxhletPercolationMinimum Bactericidal Concentration (mg/mL)*E. coli*4.07.53.5*S. aureus*12.08.03.5*S. typhi*2.03.53.0*S. paratyphi*10.07.53.5

In general the three extracts had a 75% efficiency for *S. aureus* and *S. typhi*, 50% for *S. paratyphi* and 100% for *E. coli*. In the three extracts obtained by different methods the percentage activity was 100% and the Index of Bacterial Susceptibility (IBS) was 75%.

Discussion {#sec0060}
==========

According to the HPLC chromatograms in the presence of three extracts most phenolic compounds identified was observed. The main compound identified in *H. patens* plant was chlorogenic acid, which belongs to the class of cinnamate and is widely distributed in nature. Chlorogenic acid encompasses a family of cinamoilquinicos trans esters. These compounds have been reported to possess a wide range of biological properties which highlights the antimicrobial activity.[@bib0085] Interestingly, the extracts obtained by percolation generally present a higher antimicrobial activity against bacteria studied. Unlike maceration and Soxhlet extracts, percolation extract possess greater amount of the compounds identified as epicatechin, which has also been reported to possess antimicrobial properties and forms a precursor polymer formation called condensed tannins, which in some compounds are reported as antimicrobial and sometimes recalcitrant.[@bib0090] Therefore, the antimicrobial activity could be evaluated, widely linked to these two compounds, chlorogenic acid and epicatechin.

In determining the MBC for *H. patens* extracts which were obtained by different methods, it was found as an antimicrobial potential for the bacteria studied. Although the MBC of the three extracts were different for each of the microorganisms, no significant difference existed between them (*p* \< 0.05). Sauceda and Nereyda[@bib0005] mention that the variables that affect the extraction process, regardless of the scale of production or type of end product are: agitation, state of division of matter, extraction time, nature of the solvent, temperature and pH. The contact time of the solvent with the plant allows diffusion of metabolites solvent to yield better results when time is greater; the temperature can increase the rate of extraction because it favors the solubility, however high temperatures can affect the stability of the compounds. Moreover, agitation promotes greater extraction while efficiency decreases because of diffusion resistance, eliminating the fluid film covering the surface of the solid at rest and, finally, reducing particle is of great importance, because it increases the contact area and decreases the time required for the extraction, especially for low porosity solid.[@bib0095]

The results obtained in this study are similar to those of Villavicencio and Perez[@bib0100] who report that *H. patens* is more active in *E. coli* to *S. aureus*. Yasunaka et al.[@bib0105] also claim that *H. patens* has a MBC lower for *E. coli* to *S. aureus*. Furthermore, Cervantes and Gonzalez[@bib0110] showed that aqueous and ethanol extracts of *H. patens* had greater antimicrobial activity against *S. aureus* about *E. coli*, and both extracts, the ethanol was most effective.

The fact that the MBC are less attributable to increased susceptibility of the bacteria to the active compounds present in the extract, or because the way that the extract was obtained, allowed increased extraction of these compounds. The MBC of the extracts varied, not only in terms of the extraction method, but also depending on the bacteria studied. It was observed that the MBC of EP, was less for *E. coli, S. aureus* and *S. paratyphi, S. typhi* that the MBC required when using the MS and ES.

Cáceres et al.[@bib0115] state that the wetting of the raw material increases the porosity of the cell wall and cell facilitates the diffusion of extractables outwardly of plant cells, whereby the percolation process may be more efficient because it increases the contact time of the feedstock with the solvent and drag the active compounds and related sample solvent are obtained, allowing complete extraction of the active ingredients of the plant.

When obtaining the temperature handled at \>50 °C, which could affect the biologically active compounds present in the plant; it was recalled that the other methods of extraction are performed at \<50 °C. Although the dissolution of extractables is facilitated by the increased temperature, many active ingredients are thermolabile and can be fully or partially destroyed at elevated temperatures.[@bib0120]

The extracts obtained by the three methods showed 100% of antimicrobial activity and IBS was of 75%. However, it is considered that the MBC of the extracts of *H. patens* are high because Cockerill et al.[@bib0065] reported that an extract is considered with antimicrobial activity, MBC should be \<500 μg/mL. Although MBC of extracts *H. patens* are high, its antimicrobial activity must be recognized, the conditions traditionally used by the population as a poultice, may be able to enhance the activity of the active compounds present in the plant. The yield of the extracts obtained by maceration, percolation and Soxhlet was 25, 44.5 and 24% respectively. The results obtained in this study prove that a higher percentage yield in obtaining the extract is not an indicator of increased antibacterial activity. Gyawali et al.[@bib0125] report that active compounds present in the plants have antimicrobial activity, which is well documented, although the mechanisms of action are not clear, however due to the resistance of microorganisms to traditional antibiotics, the application of antimicrobials natural resources of plant origin currently have a greater application.

Conclusions {#sec0065}
===========

*H*. *patens* extracts obtained by Maceration, Percolation and Soxhlet had antimicrobial activity, which was attributed to its content of phenolic compounds, due to the presence of epicatechin. However, the extract obtained by percolation had the lowest MBC and greater inhibitory effect on the studied bacteria, than those obtained by Maceration and Soxhlet.
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